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TESTS  ON  A  FIRE  CLAY  FROM  THE  OTTAWA  DISTRICT. 

Classification  of  Refractories.-  The  terms  "fire  brick"  and  "fire  clay" 
have  been  the  subject  of  much  dispute.  With  no  distinct  rules  or  specifica- 
tions for  the  manufacture  or  properties  of  refractories,  these  terns  carried 
no  very  definite  meaning.  Manufacturers  who  had  two  or  more  grades  of  clay  of 
different  refractory  properties,  v.'ere  in  ti^e  nabit  of  calling  tne  most  refrac- 
tory clay  a  fire  clay.  Others  would  call  the  most  refractory  brick  that  they 
used,  in  fire  boxes  or  crowns  of  their  kilns,  a  fire  brick, 

"A  fire  clay  is  one  that  will  stand  a  high  temperature  without  softening 
to  such  an  extent  as  to  become  misshapen  even  when  subjected  to  considerable 
prassure,  which  will  endure  rapid  changes  of  temperature  without  shattering, 
whose  wares  have  sufficient  density  to  impede  the  passage  of  gases  or  liquids 
that  would  attack  it,  and  a  chemical  composition  such  that  it  will  not  readily 
unite  with  the  gases  with  v/hich  it  would  meet  in  use."-'-    The  results  of  work 
recently  published  have  gone  far  towards  standardizing  some  of  the  properties 
of  this  cla^^s  of  ceraiidc  products,  but  no  satisfactory  or  complete  set  of 
specifications  has  yet  been  published. 

The    matter  of  laying  down  decisive  laws  for  the  classification  of  re- 
fractories is  very  difficult,  if  not  possible,  for  the  reason  t^iat  different 
uses  require  different  properties.    For  instance,  a  brick  to  be  used  in  the 
fire  box  of  a  boileif  fired  to  its  full  capacity  niust  be  of  a  very  refractory 
nature,  and  be  able  to  resist  the  action  of  the  furnace  gases,  but  need 
not  posses  excessive  strength,  either  in  the  hot  or  cold  condition.    The  brick 
that  are  used  just  below  the  charging  door  of  a  blast  furnace  are    not  subject 

^  Illinois  Geological  Sxirvey.    Bulletin  9,  P.  28. 
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to  gm  excessively  high  temperature,  but  must  withstand  the  abrasive  action  of 
the  descending  charge  of  ore,  flux,  and  coks,  and  the  ascending  gasss  and 
dust  that  act  as  a  powerful  abrasive.     It  is  the  practice  in  some  cases  to 
allow  the  crown  of  a  rectanglar  kiln  to  fall  in  u:on  the  floor  after  it  has 
been  in  use  for  soiib  time,  and  to  rebuild  a  new  crown  using  all  of  the  old 
brick  possible,  and  for  this  reason  a  brick  is  chosen  that  has  in  addition 
to  its  rsfractoriness  a  good  crushing  strenth. 

Little  work  has  been  done  in  the  testing  of  rsfractories  in  comparison 
with  other  classes  of  ceraaic  products,  but  in  1912  a  paper  by  Prof.  A.  V. 
Bleininger  and  G-.  H.  Brown  was  published,-^  on  the  testing  of  clay  refractories 
containing  suggested  specifications  for  certain  properties,  such  as  the 
fusion  point,  chemical  analysis,  and  hot  and  cold  crushing  strengths.  Purdy^ 
has  suggested  a  range  for  the  porosity  of  fire  clays,  and  Weber    offers  some 
data  on  the  relation  of  the  chemical  analysis  and  the  fusion  point  of  fire 
clay. 

Object  of  this  work.-  It  is  the  purpose  of  this  work  to  apply  to  one 
single  fire  clay  tests  which  have  been  in  use,  and  to  establish  the  value 
of  this  clay  as  a  refractory  product  by  means  of  comparative  pitiblished  data 
rather  than  to  attempt  a  comparative  experiment  using  a  number  of  other  clays. 

Material  used.-  The  clay  used  is  an  Illinois  fire  clay  shale  occuring 
in  a  vein  which  varies  from  six  to  twelve  feet  in  thickness,  and  over  laid 
v/ith  an  over  burden  of  approximately  the  same  thickness.     It  has  sufficient 
bonding  power  to  incorporate  a  considerable  percent  of  grog  and  flint  fire 
clay,  and  sufficient  plasticity  to  enable  easy  molding  into  brick  by  the 

Bureau  of  Standards.  Technologic  Paper  #7. 
^  Illinois  Geological  Survey.  Bulletin  9 
2  Transactions  Wmerican  Cersimic  Society.  Vol.  6. 
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stiff  mud  process.    A  sample  of  the  raw  clay  and  a  number  of  the  inachine 
made  brick  were  obtained  from  a  plant  making  refractory  products  at  Ottawa, 
Illinois.    The  brick  are  inade  of  the  clay  alone,  and  it  was  thought  that  they 
would  better  illustrate  the  behavior  of  tha  clay  trian  a  brick  containing 
flint  and  grog,  and  also  be  superior  to  those  made  by  the  writer  since  it 
is  practically  impossible  to  imitate  the  factory  conditions  of  tempering, 
pressure,  and  burning  under  laboratory  conditions. 

Extent  of  work.-  The  brick  and  clay  ware  tested  for  those  properties 
considered  of  most  use  and  interest  to  makers  and  users  of  refractories. 

The  Chemical  0005)0 si tion. 

It  has  been  thou-ht  by  many  that  the  chemical  analysis  of  a  fire  clay 
will  go  far  towards  determining  its  quality,  and  on  the  contrary,  it  has  been 
claimed  that  the  chemical  analysis  is  of  small  value  in  judging  a  fire  clay. 
Although  the  question  of  the  chemical  analysis  has  been  the  subject  of 
much  discussion,  it  is  generally  conceded  tnat  it  has  some  bearing  upon  the 
refractoriness,  but  that  it  is  unreliable  for  judging  the  absolute  refrac- 
toriness of  the  clay.    R.  F.  Weberl  tested  a  series  of  fire  bricks  to  deter- 
mine their  chemical  composition,  refractoriness,  texture,  and  the  relation 
between  the  three.    As  a  result  of  his  work,  he  states  that  the  variation  of 
the  refractoriness  depends  upon  the  chemical  coa^iosition,  and  the  texture, 
but  that  the  importance  of  the  latter  is  often  overlooked.    The  fusion  point 
of  almost  any  New  Jersey  fire  brick  could  be  lowered  four  to  five  cones  by 
grinding  to  pass  a  100  mesh  screen.     The  silica  content  will  furnish  a  rough 
estimation  of  the  refractoriness,  but  the  percentage  of  the  total  fluxes 
cannot  form  a  basis  for  judging  the  refractory  value.    However,  where  there 

^  Transactions  American  Ceramic  Society.  Vol.  5. 
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is  not  much  variation  in  the  size  of  the  grains,  the  chemical  analysis  may 
be  made  into  a  forinula  that  vidll  indicate  more  closely  the  refractoriness 
of  the  material.    Bleininger  and  Brovm^  state  that  "At  high  temperature,  the 
presence  of  even  a  small  amount  of  fluxes  becomes  a  potent  factor,  and  hence 
it  is  better  to  select  a  clay  higher  in  silica  and  lov/  in  fluxes  than  one 
possessing  an  alumina-silica  ratio  approaching  tliat  of  kaolin,  but  higher  in 
fluxes.    An  increase  in  silica,  v/hile  it  does  not  lowsr  the  ultiniate  soften- 
ing point  with  low  fluxes,  may  not  cause  the  material  to  be  inferior  for 
actual  work,  but  high  silica  and  high  fluxes  make  a  dangerous  combination. 
In  regard  to  the  fluxes  present  in  a  clay,  the  state  and  size  of  the  iron 
grains  is  of  importance,  for  it  is  evident  t.iat  tn©  coarser  grains  'frill  do 
no  harm,  although  they  raise  the  percent  of  the  total  fluxes," 

The  fluxes  are  important  in  another  way,  as  they  7/ill  become  active  at 
a  lovj  temperature,  and  begin  to  dissolve  the  alumina  and  the  silica,  forming 
the  easily  fused  silicates.    As  the  temperature  increases,  more  and  more  of 
the  alumina  and  silica  dissolve,  and  as  they  have  a  lower  viscosity  than  the 
rest  of  the  brick,  it  depends  upon  the  extent  of  these  silicates  and  their 
viscosity,  whether  the  Iwick  will  stand  up  under  the  load  test  or  not.  The 
specifications  suggested  by  Bleininger  and  Brown^  for  the  No.  1  A  class  of  fire 
brick  state  that  "Upon  chemical  analysis  the  empirical  formula  calculated 
from  the  composition  should  show  a  total  RO  content  of  not  more  than  0,22 
molecular  equivalents,  having  the  iron  as  FeO". 

Analyses  of  the  clay.-  In  regard  to  the  chemical  analysis  of  this  clay, 
there  were  several  analyses  at  hand  made  by  eminent  chemists,  and  showing 
a  variation  of  some  of  the  ingredients,  and  as  a  single  analysis  of  the  clay 

■'"  Bureau  of  Standards,  Technologic  Paper  #7. 
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is  apt  to  "be  misleading,  it  was  thought  tetter  to  calculate  the  formulas 
from  these  analyses  rather  than  to  attempt  a  new  one.    The  analyses  and 
formulas  are  shown  in  Table  1. 

Table  1. 


I. 

II. 

SiO^ 

67.15 

60.00 

Al^O'^ 

26.05 

27.75 

TiO^ 

1.35 

Fe^03 

3.34 

1.65 

CaO 

1.17 

0.85 

MgO 

0.49 

0.55 

Alkali 

0.43 

Volume  Loss 

0.22 

9.60 

I.  The  average  of  six  samples  of  the  burned  brick  made  in  1914  by  chemists 
of  the  Illinois  Steel  Co.  South  Chicago. 

II.  The  average  of  two  samples  of  the  raw  clay  made  by  chemist  of  Universal 
Portland  Cement  Co. 

2  3 

The  formu.las  calculated  from  these  analyses  after  reducing  the  Fe  0 
to  feO  and  omitting  the  loss  are:- 

2.58  SiO^ 

I.  0. 138R0     Al^O^  0.052  TiO^         II.  0.0773  RO    Al^O^    2.16  SiO^ 

From  these  formulas  it  cam  be  seen  that  there  is  a  variation  in  the 
run  of  the  clay,  but  that  the  percent  of  the  total  fluxes  is  well  below 
the  allowable  0,22  moles.     .  It  may  be  mentioned  that    the  iron  content  of  this 
clay  is  largely  in  the  form  of  pyrite,  and  that  the  majority  of  the  grains 
are  so  large  that  they  may  be  picked  out  with  a  pencil  point.     These  make 
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■black  spots  on  the  brick  when  burned,  which  are  unsightly,  but  unliarinful. 
The  color  of  the  burned  brick  is  a  light  buff,  which  shows  the  absence  of 
a  high  percent  of  combined  iron. 

Porosity  sind  Specific  Gravity. 

In  a  clay  that  is  to  be  used  for  the  manufacture  of  fire  brick,  the 
maintainence  of  an  open  structure  throughout  the  entire  heat  range  ussd  in 
the  various  ceramic  industries  is  essential.     This  open  structure,  which  is 
measured  by  the  percentage  of  porosity,  is  the  property  that  gives  to  the 
material  its  ability  to  act  as  a  poor  conductor  of  heat,  and  thus  to  avoid 
a  high  loss  of  heat  by  conduction  and  final  radiation  from  a  hot  wall,  or 
make  necessary  the  construction  of  a  thick  wall  to  prevent  the  heat  loss.  It 
is  this  property  also  tliat  gives  to  the  brick  its  ability  to  resist  the  sudden 
changes  of  temperature  that  it  is  called  upon  to  'withstand  in  use,  without 
cracking  or  checking. 

Purdy^  tested  a  series  of  Illinois  fire  clays  to  determine  their  por- 
osity percentages  at  increasing  temperatures,  and  from  the  data  obtained  by 
this  work,  was  able  to  suggest  a  maximum  and  minimum  limit  for  each  class  of 
fire  clay.     A  similar  maxiitium  and  minimum  limit  was  laid  down  for  the  specific 
gravity.     The  porosity  and  specific  gravity  of  this  clay  burned  at  different 
ten^jeratures  were  determined  and  the  resulting  data  compared  with  the  limits 
of  Purdy. 

The  Brickettes,-  The  brickettes  for  this  experiment  were  made  by  the 
slop  mold  process,  to  avoid  seams  and  flaws  in  the  test  pieces.    The  ratio 
of  six  parts  of  clay  by  weight  to  one  of  v/atsr  was  found  to  be  satisfactory  for 
this  purpose.  After  the  brickettes  had  dried  in  the  air  for  a  few  hours,  they 

^  Illinois  Geological  Survey.  Bulletin  9. 


were  repressed  in  a  hand  repress,  making  test  bricketts  3  x  2  x  1-^-  inches. 
They  were  then  dried  in  a  steam  drier  until  they  were  bone  dry,  and  then 
burned  in  a  rsctangular  down  draft  test  kiln,  with  an  open  fire,  and  using 
coal  and  coke  mixed  as  fuel.    The  trials  v/ere  so  arranged  on  fire  clay  slabs 
that  draws  could  easily  be  made,  and  four  trials  were  drawn  at  each  of  the 
following  cones:-    010,  08,  06,  04,  02,  1,  3,  5,  7,  9,  11,  and  13,  These 
draws  were  placed  in  a  sagger  filled  with  sand,  and  allowed  to  cool  slowly. 
The  wet  length,  dry  length,  anid  burned  length  were  measured  on  all  of  the 
pieces  for  the  determination  of  the  drying  and  burning  shrinkage,  and  the 
best  three  of  the  four  trials  at  each  temperature  were  selected  for  the 
determination  of  the  po:*osity  and  the  specific  gravity.    After  the  dry  weight 
had  been  determined,  they  were  placed  in  an  iron  cylinder,  and  covered  with 
water.    This  iron  cylinder  rias  a  tightly  fitting  cover,  and  a  connection  tnat 
can  be  attached  to  a  hydrant  exhaust  pump,  and  the  air  above  the  water  ex- 
hausted. 

Determination  of  Porosity  and  Specific  Gravity.-  After  the  brickettes 
were  thoroughly  saturated,  they  were  removed  from  the  cylinder,  and  the  wet 
weight  determined.    They  v/ere  then  suspended  from  the  arm  of  the  balance, 
and  the  suspended  weight  taken,  allowance  being  made  for  the  weight  of  the 
suspending  wire  and  stirrup.    From  the  data  thus  obtained,  the  porosity  and 
the  specific  gravity  were  calculated  by  the  formulas 

W  -  D  X  100 « P.  D       _  S.P. 

W  -  S  D  -  S 

Where  D  is  the  dry  weight,  W  the  wet  weight,  and  S  the  suspended  weight. 

The  average  value  of  the  three  trials  for  each  temperature  was  plotted  agains 

the  cone  number.     The  data  is  shown  in  tables  2  and  3,  and  the  curves  on 
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Table  2 
Shrinkage  Data. 

No.  of     Cone.         Wet  Dry       Burned.    $  prying       ^  Burning   Average  Eurn- 

Brick.  Length.      Length     Length.    Shrinkage.     Shrinkage,  ing  Shrinkage 


50 

010 

8.  25 

7.  83 

7.  75 

0.  OD 

1.  U<i 

33 

010 

8.25 

7.87 

7.76 

4.83 

1.40 

1.28 

49 

eio 

8.25 

7.82 

7.71 

5.50 

1.41 

52 

08 

8.25 

7.83 

7.76 

5.36 

0.90 

32 

08 

8.25 

7.84 

7.72 

5.23 

1.53 

1.32 

31 

08 

8.25 

7.84 

7.72 

5.23 

1.53 

44 

06 

8.25 

7.83 

7.73 

5.36 

1.28 

41 

06 

8.25 

7.85 

7.73 

5.10 

1.53 

1.45 

18 

06 

8.25 

7.83 

7.73 

5.36 

1.53 

39 

04 

8.25 

7.88 

7.66 

4.70 

2.92 

43 

04 

8.25 

7.80 

7.67 

5.76 

1.67 

2.  26 

04 

8.  25 

7.  83 

FT       ^  C 

7.  55 

5.  50 

c.Lo 

25 

02 

8.25 

7.85 

7.70 

5.10 

1.91 

29 

02 

8.25 

7.85 

7.66 

5.10 

2.42 

2.25 

o  o 
cc 

02 

8.  25 

7.  83 

7.  64 

5. 36 

2. 43 

24 

1 

Q,2'z 

7.83 

7.62 

5.36 

2,68 

28 

1 

8.25 

7.85 

7.53 

4.96 

2.92 

2.84 

CO 

1 

8.  25 

7.  C7 

7.  64 

5.  35 

2.  92 

A  ft 

47 

3 

8.  25 

7.85 

7.61 

5. 10 

3.  06 

48 

3 

8.25 

7.85 

7.60 

5.10 

3.18 

3.01 

5 

3 

8.25 

7.87 

7.65 

4.83 

2.80 

14 

5 

8.25 

7.84 

7.56 

5.23 

3.32 

30 

5 

8.25 

7.85 

7.62 

5;io 

3.06 

3.31 

15 

5 

8.25 

7.87 

7.59 

4.83 

3.56 

6 

7 

8.25 

7.87 

7.62 

4.83 

3.18 

54 

7 

8.25 

7.84 

7.60 

5.23 

3.06 

3.06 

4 

7 

8.25 

7.84 

7.59 

5.23 

2.94 

1 

9 

8.25 

7.87 

7.59 

4.  83 

3.56 

16 

9 

8.25 

7.81 

7.55 

5.62 

3.32 

3,61 

34 

9 

8.25 

7.81 

7.50 

5.62 

3.96 

2 

11 

8.25 

7.85 

7.58 

5.10 

3.68 

12 

11 

8.25 

7.88 

7.63 

4.70 

3.18 

3.60 

19 

11 

8.25 

7.87 

7.56 

4.83 

3.94 

10 

13 

8.25 

7.86 

7.55 

4.96 

3.94 

7 

13 

8.25 

7.87 

7.59 

4.83 

3.56 

3.68 

9 

13 

8.25 

7.87 

7.59 

4.83 

3.56 

Table 
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Specific  Gravity  and  Porosity  Data. 

No. Of 

Cone« 

Dry 

Wet 

Susp. 

Per  cent 

Average 

Specific 

Av.  Sp. 

Brick. 

Weic-ht. 

Weight. 

Weight. 

Porosity 

Porosity. 

Gravity. 

Gravity. 

50 

610 

137.0 

157.7 

83.4 

27.9 

2.55 

33 

010 

140.3 

160.  7 

00.  c 

or?  A 

C".  DO 

2.558 

40 

010 

\J  Jm  W 

136.^ 

167.2 

83.0 

28.0 

2.  56 

52 

08 

142.5 

163.0 

86.6 

26.8 

2.55 

32 

08 

139.3 

159.  7 

84.  0 

27.  2 

;i7.  00 

2.56 

2.  553 

31 

08 

141. 0 

161.4 

85.7 

27.0 

2.  5^ 

44 

06 

141.3 

161.9 

85.8 

27,0 

2.55 

41 

06 

139.2 

158.6 

84.  0 

26,0 

26. 65 

2.53 

2.540 

18 

06 

1  38.  0 

X  0  0  •  w 

158.1 

83.7 

27,0 

39 

04 
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Pages  10  to  13. 

Results.-  The  results  of  this  test  show  tiiat  the  porosity  is  well 
within  the  limits  established,  except  for  a  very  short  distance  at  the  lower 
tenqierature,  but  the  range  is  extensive,  as  the  slope  of  the  curve  decreases 
very  gradually.     The  specific  gravity  if  below  the  limit,  but  it  is  to  be 
noticed  that  it  is  more  constant,  and  in  this  respect  corresponds  to  the 
porosity  curve. 

Cold  Crushing  Tests. 

The  cold  crushing  strength  of  a  fire  brick  is  not  of  vital  in^ortance, 
as  the  brick  are  subject  to  no  greater  strain  tlian  is  incurred  by  their 
being  placed  in  the  bottom  course  of  a  wall,  and  all  brick  are  easily  strong 
enough  to  withstand  this  kind  of  a  cold  strain.     In  many  cases,  however, 
such  as  the  crov/ns  and  wickets  of  a  kiln,  the  walls  are  torn  down,  and  the 
brick  reused.    This  kind  of  treatment  requires  a  brick  that  has  a  good  strength, 
and  above  all,  one  that  is  not  brittle.     It  is  stated  positively  by  Bleininger^ 
that  there  is  n©  relation  between  the  hot  and  cold  crushing  strength,  and  as 
the  hot  crushing  strength  is  an  important  feature  in  determining  the  quality 
of  the  btick,  as  will  be  shovm  later,  it  can  be  seen  that  the  cold  crushing 
strength  is  of  monor  importance. 

Although  the  cold  crushing  and  transverse  teats  are  relatively  unimport- 
ant in  determining  the  quality  of  a  refractory,  there  is  a  relation  between 
the  cold  crushing  strength  and  the  hardness,  and  the  cross  breaking  test 
also  gives  an  indication  of  the  strength  of  the  brick,  and  of  the  toughnes  s 
and  hardness.    The  r  .sults  are  usually  variable,  and  often  erratic. 

Ho  data  v/as  found  by  the  writer  where  the  cross  breaking  strength 

Bureau  of  Standards.  Technologic  Paper  #7. 


15 


or  Kiodulus  of  rupture  of  a  fire  brick  has  been  determined,  although  this  test 
is  regularly  applied  to  pavers.     It  is  considered  in  the  case  of  pavers, 
that  the  modulus  of  rupture  is  a  better  indication  of  the  worth  of  the  brick 
than  the  crushing  strength,  but  in  the  case  of  a  fire  brick,  the  opposite  is 
probably  true,     Having  no  cpn^arative  data,  the  modulus  of  rupture  as  found 
by  the  writer  is  of  small  value.     The  modulus  of  rupture  of  pavers  will  vary 
from  500  to  3,000  lbs,  including  different  brands,  and  different  degrees  of 
burning.     Bleininger  and  Brovml  suggest  as  a  miniinum  crushing  strength  of 
fire  brick  on  end  at  atinosphericr  conditions  for  No.  1  A  grade  of  refractories 
1,000  lbs.  per  square  inch. 

Method  of  testing.-  With  the  kind  permission  eind  assistance  of  Mr. 
H.  F.  Moore  of  the  department  of  Theoretical  and  Applied  Mechanics  of  the 
University,  the  writer  was  given  access  to  a  Riehle  machine  of  100,000  lbs. 
capacity.     Three  trick  were  crushed  in  the  endwise  position,  at  atmospheric 
conditions,  after  the  ends  had  beon  bedded  in  plaster  of  Paris,  and  using 
a  ball  joint  to  equalize  the  pressure.    Several  brick  were  tested  for  the  t 
transverse  strength,  considering  the  brick  as  a  beam,  after  the  manner  used 
for  pavers  as  suggested  by  Purdy^,    The  modulus  of  rupture  is  calculated 
by  the  formula 


where  W  is  the  load, 
1  is  the  length  of  the  test  piece  between  the  supporting  knife  edges,  b  the 
breadth,  and  d  the  depth.     The  crushing  strength  in  pounds  per  square  inch 
is  the  total  load  divided  by  the  cross  section  area  of  the  brick. 
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The  data  is  shovm  in  Table  4. 


Table  4, 
Cold  Crushing  Data. 
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No.  of  Brick. 


Size  of  Brick 


Position. 


Total  Load. 


Modulus  of 
Rupture. 


1 

9,0 

4.4 

X 

2.4 

On  Edge 

2,350 

531 

2 

9.1 

z 

4.4 

X 

2.4 

ti  It 

4, 040 

914 

3 

8.9 

X 

4.4 

X 

2.4 

On  Side 

1,760 

746 

4 

9.1 

X 

4.5 

X 

2.45 

II  II 

3,390 

1,345 

5 

9.1 

X 

4.5 

X 

2.4 

It  It 

2, 13C 

882.5 

6 

8.9 

X 

4.5 

X 

2.4 

On  Edge 

3,240 

750 

7 

9.1 

X 

4.4 

X 

2.4 

If  It 

5,400 

1,220 

Average 

909 

Crushing  Strei 

8 

9.0 

X 

4.4 

X 

2.4 

On  End 

43,850 

4,150 

9 

9.1 

X 

4,4 

X 

2.4 

II  II 

38,  800 

3,680 

10 

e.9 

X 

4.4 

X 

2.4 

II  It 

37,  440 

3,520 

Average 


3,750 


Results.-  The  results  of  this  test  are  very  satisfactory,  as  it  v;ill  be 
observed  that  in  every  case  the  crushing  strength  is  well  above  the  advoca- 
ted specification,  and  the  modulus  of  rupture  cf  the  brick  is  not  greatly 
inferior  to  that  of  the  pavers.     It  v;as  observed  that  the  brick  broke  in  the 
cr^ss  breaking  test  in  a  vertical  plane  under  the  center  knife  edge,  but  in 
the  crushing  test,  instead  of  breaking  with  a  shear  from  edge  to  edge  as  was 
rather  expected,  the  brick  seemed  to  fail  as  a  v;hole,  and  to  fly  to  pieces 
along  the  lines  of  the  laminations  Kidde  by  the  ouger  machine. 
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The  Load  Test. 

Since  the  publication  of  the  paper  by  Bleininger  and  Brown-^,  the  load  test 
has  come  to  be  the  most  satisfactory  indication  of  the  quality  of  a  fire  brick. 
There  are  but  few  instances  when  the  brick  is  not  subject  to  some  strain  in 
the  hot  condition  while  in  use,  from  the  weight  of  the  superimposed  course 
of  brick,  or  the  e:Q)ansicn  of  adjacent  brick  in  the  same  course,  and  although 
such  a  strain  v/oxAld  be  slight  at  atmospheric  conditions,  it  has  been  shown 
that  at  furnace  temperatures  the  brick  has  but  a  small  part  of  its  cold  crush- 
ing strength.    The  load  test  is  essentially  a  measure  of  the  viscosity  of  the 
brick  at  a  temperature  where  the  brick  begins  to  be  viscous.    A  clay  is  said 
to  melt  at  a  temperature  at  which  a  cone  of  the  clay  vail  no  longer  stand 
erect,  but  before  that  temperature  is  reached,  the  sample  has  begun  to  soft- 
en, and  in  the  case  of  a  full  sized  brick,  would  have  become  completely  dis- 
torted before  this  so  called  fusion  point  was  reached.     The  fusion  point  then, 
will  not  give  gin  indication  of  v;hen  the  viscosity  of  a  brick  ha.3  decreased 
to  such  an  extent  that  it  will  no  longer  stand  up  in  actual  use.    To  find  this 
softening  or  failing  point  laicer  actual  conditions,  use  is  made  of  the  load 
test,  which  as  its  name  implies,  consists  of  heating  the  speciman  while  main- 
taining a  constant  load  upon  it.    This  load  should  not  be  so  large  as  to 
cause  any  strain  on  the  brick  in  the  cold  condition,  and  yet  shoi^ld  be  large 
in  comparison  with  that  which  the  brick  may  meet  in  actual  use,  for  the  rea- 
son t]:iat  the  time  element  of  the  latter  cannot  be  approached  in  the  labora- 
tory.   The  conditions  perfected  and  suggested  by  Bleininger  and  Brown  are  50 
pounds  per  square  inch  at  a  temperature  of  1350°C,  and  these  conditions  were 
adopted  by  the  writer, 

^  Bureau  of  Standards,  Technologic  Paper  #  7. 
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The  question  of  whether  a  "brick  will  fail  under  the  load  test  or  not 
depends  upon  a  nur/iber  of  factors^  such  as  the  chemical  composition,  the  fusion 
point,  hardness  of  burning,  and  the  cold  crushing  strength.    Perhaps  the  most 
important  of  these  is  the  chemical  analysis.     It  was  found  by  Bleininger  that 
no  sample  with  over  0. S25  equivalents  of  RO  would  stand  up,  and  that  fail- 
ures would  occur  v/ith  as  low  as  .17  eqiiivalent,  if  the  percentage  of  silica 
was  high.     In  regard  to  the  hardness  of  burning,  the  nature  of  the  brick  is 
of  coiiTse  not  changed,  but  it  has  been  found  that  the  hard  burned  brick  will 
stand  up  better  than  the  soft  ones.     The  reason  is,  that  they  are  more  compact, 
and  also,  that  the  harder  burning  has  caused  some  of  the  less  refractory 
bond  clay  to  dissolve  some  of  the  flint,  and  thus  in?)rove  its  quality.  There 
is  no  connection  betv/een  the  cold  and  the  hot  crushing  strength,  but  never- 
the  less  a  brick  is  handicapped  by  a  low  cold  crushing  strength. 

The  Load  Test  Kiln.-  Sketches  of  the  kiln  used  for  this  test  are  shown 
on  Page  19.     This  furnace  is  heated  by  four  oil  burners  that  are  placed  two 
on  each  side,  one  above  the  other.    Oil  at  a  pressure  of  5  pounds  and  air  at 
2  pounds  are  supplied  by  a  combination  pump.     The  brick  to  be  tested  is  placed 
on  a  fire  clay  block  that  raises  it  about  six  inches  from  the  floor  of  the 
kiln.    Above  the  brick  is  placed  a  half  brick  of  a  knovm  high  grade,  and 
above  this  a  fire  clay  column  which  passes  through  a  hole  in  the  top  of  the 
kiln.    The  load  is  applied  by  means  of  an  I  vbeam  that  is  pivoted  to  a  ver- 
tical channel,  and  extends  across  the  center  of  the  top  of  the  kiln.    A  cast 
iron  knife  edge  rests  on  top  of  the  clay  ccluam,  and  a  bucket  of  weights 
is  suspended  at  the  free  end.     The  pin  that  pivots  the  I  beam  to  the  channel 
passes  through  a  sliding  block  that  can  be  raised  or  lowered  by  means  of  a 
bolt  passing  through  it,  in  this  manner  kee-ping  the  beam  level  throughout 
the  test. 

This  kiln  had  never  bean  in  use  before,  and  therefore  several  preliminary 
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experiments  were  conducted  by  the  writer  to  become  faMliar  with  the  appar- 
atus.   It  was  found  tliat  the  fire  clay  pipes  or  "bars  that  wore  niade  by  the 
department  were  unfit  for  this  v/ork^  as  they  failed  before  the  brick^  and  it 
was  therefore  necesssiry  to  build       a  pier  of  half  bricks  of  a  known  high  grade. 
This  was  unsatisfactory  in  that  it  required  precautions  to  keep  the  pier 
plumb  and  steady,  and  although  the  half  bricks  were  bedded  in  fire  clay  mor- 
tar, it  was  found  that  a  new  one  had  to  be  constructed  for  each  test,  and  due 
allowance  made  for  the  weight  of  the  new  pier. 

In  these  preliminary  experiments,  cone  pats  were  placed  in  the  kiln, 
not  as  a  means  of  measuring  the  temperature,  but  the  v/riter  wished  to  know 
the  appearance  of  the  pat,  in  order  that  if  necessary  a  test  couj-d  be  run 
Tinder  circumstances  where  a  pyrometer  was  not  available.     The  cones  used  were 
10,  11,  12,  13,  14,  and  15,    and  as  the  first  experiments  showed  that  cone 
15  was  down  flat,  it  was  decided  to  calibrate  the  thermo  couple  and  the 
galvanometer.    This  was  accordingly  done,  and  was  found  to  register  a  little 
too  low,  and  thereafter  the  temperature  was  read  with  a  thermo  couple  that 
was  known  to  be  correct,  and  a  potentiometer  reading  in  millivolts,  with  the 
aid  of  a  millivolt-terq)erature  curve.    The  time  temperature  curve  followed 
in  all  of  the  load  tests  is  shown  on  page  21. 

After  the  preliminary  experiments,  two  load  tests  were  run  that  were 
Satisfactory,  and  the  results  were  taken  as  being  indicative  of  the  load 
carrying  capacity  of  the  brick  in  question.     It  was  noticed  that  the  settle- 
ing  started  just  above  1200°C,  and  proceeded  regiilarly  up  to  1350°C.     Dur-  [ 

! 

ing  the  period  when  the  temperature  was    held  constant,  there  was  but  little  • 
settling.     The  final  appearance  of  the  cone  pats  showed  that  cone  14  was  very 
nearly  down. 

Results.-  The  results  of  the  load  test  are  favorable  to  the  brick,  as 
it  was  not  deformed,  and  showed  a  contraction  of  less  than  one  half  inch. 
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Fusion  Test. 

The  softening  and  fusion  of  clays  proceeds  slowly  with  increasing  ten^- 
ertature,  and  it  cannot  lae  said  that  there  is  a  definite  melting   point.  The 
deformation  of  a  cone  of  the  material  is  employed  as  the  measure  of  its  fu- 
sion point,  and  is  determined  by  means  of  comparison  vdth  standard  pyromet- 
ric  cones. 

A  clay  that  is  to  be  classed  as  a  refractory  must  necessarily  have  a 
high  fusion  point.    Bleininger  and  Brown^    specify  for  a  No.  1  A  refractory 
a  softening  tempera.ture  of  not  less  than  cone  31,  or  about  1690°C.  The 
refractoriness  of  a  clay  is  governed  by  the  chemical  composition  and  the 
texture,  as  was  explained  on  page  3. 

In  performing  some  of  the  load  tests,  it  was  noticed  that  under  reducing 
conditions  at  high  ten^^eratures  the  brick  showed  a  slightly  different  appear- 
ance, and  it  was  decided  that  different  parts  of  the  clay  bank  had  different 
properties.     It  was  known  that  by  the  method  of  manufacture  that  the  clay 
was    thoroughly  mixed,  and  only  in  rare  cases  would  there  be  enough  differ- 
ence in  the  composition  of  the  brick  to  cause  an.  inferior  product.     It  was 
decided  to  procure  samples  from  different  parts  of  the  bank,  and  run  fusion 
tests  of  each  sample,  to  determine  if  any  of  the  strata  were  of  a  distinctly 
inferior  grade. 

The  Samples,-  Samples  were  procured  at  two  points  of  the  bank,  a  differ- 
ent sample  for  every  tv/o  feet  in  depth  of  the  strata.    These  san^jles  were  made 
into  cones  of  the  standard  high  temperature  type,  and  burned  to  cone  11 

in  one  of  the  load  tests  to  laake  subsequent  handling  easier,  and  to  drive 

I 
j 

out  the  moisture.    A  preliminary  exandnition  showed  that  the  cones  from  the 
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upper  strata  were  of  a  lighter  color  tlmn  those  from  the  lower,  the  latter 
apparently  having  a  higher  per  cent  of  iron, 

The  furnace.-  The  furnace  used  for  this  work  is  the  regular  carbon  re- 
sistemce  type,  having  a  beauxite  linning,  and  is  capable  of  reaching  a  high 
temperature.    At  the  time  of  this  work,  it  was  not  in  perfect  running  order, 
and  as  it  was  in  deirend  for  other  purposes,  not  all  of  the  work  tliat  was 
originally  planned  could  be  done,  but  a  satisfactory  idea  was  gained  of  the 
refractoriness  of  this  clay. 

Results.-  The  results  of  the  fusion  tests  may  be  understood  by  referring 
to  Table  5,  which  shows  the  position  of  the  samples,  and  the  fusion  point  in 
Seger-Orton  cones.    The  letters  A  and  B  refer  to  different  parts  of  the  bank. 

Table  5. 


of  Sample. 

Depth  form  top  of  Bank. 

Cone  of 

A  1 

0  feet.  (Top) 

29 

A  2 

3  feet 

29 

A  3 

6  feet 

30 

I  4 

8  feet 

32 

A  5 

10  feet  (Bottom) 

31 

B  1 

0  feet 

B  2 

2  feet 

29 

B  3 

4  feet  (Bottom) 

30 

A  chip  of  the  brick  was  found  to  soften  between  cones  30  and  31^  and  this 
represents  the  softening  point  of  the  brick. 

The  Dip  Test. 

In  this  test  the  brick  are  heated  to  a  high  temperature,  and  plunged 
into  cold  v;ater  while  glowing  hot.  No  published  data  could  be  found  of  this 
teat,  with  regard  to  the  temperature  or  the  number  of  times  that  the  brick 
must  be  dipped,  and  for  this  reason  the  work  done  by  the  writer  is  relatively 
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unimportant. 

Method  of  testing.-  This  test  was  attempted  only  once,  in  connection  with 
one  of  the  load  tests.    After  the  teioperature  of  the  kiln  had  raached  1350°C., 
a  "brick  was  drawn  from  the  kiln,  and  plunged  into  cold  water.    After  holding 
in  the  water  for  a  few  minutes,  it  was  returned,  and  allowed  to  assume  the 
temperature  of  the  furnace.     It  v/as  then  drawn  out,  and  again  plunged  into 
the  7;ater,  and  when  cool  was  examined  to  observe  the  effects  of  this  treat- 
ment. 

Results.-  It  was  observed  that  the  brick  v/as  broken  into  two  almost  equal 
pieces,  and  that  several  smaller  pieces  were  broken  from  the  corners.  There 
were  several  large  cracks  across  the  larger  pieces,  and  it  was  clear  that  a 
continuation  of  this  treatment  would  have  disintegrated  the  v/hole. 

Conclusions. 

In  regard  to  the  chemical  composition,  porosity,  load  test,  and  cold 
crushing  tests,  this  brick  must  be  regarded  as  a  No.  1  A  refractory  product. 
The  fusion  point  is  foi^nd  to  be  but  a  little  too  low,  and  this  does  not  seem 
to  interfere  v»-ith  the  standing  up  qualities.    The  final  specification  as  sug- 
gested by  Bleininger  and  Brovml  is  that  "The  product  in  its  manufacture  should 
not  be  fired  to  a  raaxium  temperature  lower  than  that    corresponding  to  cone  12 
or  about  1350°.      This  is  not  the  case  in  the  manufacture  of  these  brick,  and 
it  may  be  that  they  would  be  improved  by  such  firing.    While  the  brick  are 
possesed  of  a  high  crushing  strength,  they  are  exceedingly  brittle,  and  this 
seems  to  be  the  v/orst  fault.    The  cause  is  largely  due  to  the  presence  of  auger 
Isuni  nations. 

^  Bureau  of  Standards.  Technologic  Paper  #  7. 
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